HISTORICAL

HIGHLIGHTS OF THE CHANGING ROLE OF PRACTICAL WORK IN AUSTRALIAN SCIENCE EDUCATION
cite Edgeworth & Edgeworth's 1811 publication which argued that practical work allowed students to exercise their minds by conducting simple experiments relating to areas of student interest. The purpose of the practical work was to confirm theory and it was not considered important if the experiment did not work -the answers were in the text book. It seems that nearly 200 years ago, practical work was becoming an important aspect (even if only to confirm theory) of the British school science curriculum. But that is the story of the infancy of a practical science education in Great Britain, not Australia. In 1811, Australia was still a penal colony, and Governor Macquarie had just arrived (from Great Britain) to re-establish discipline and social order after a period of unrest. In 1812, Governor Macquarie wrote that schools were intended to improve the 'morals of the lower orders and develop religious principles in the young' and make them 'dutiful and obedient'. His report urged that lower class children be separated 'as much as possible from the adverse moral influence of their parents'. These are clear indications that schooling was for the management of the 'lower class' (Barcan, 1965, p36) . There is scant documentation of the development of science education in Australia until following the Second World War. One can assume we continued to follow the British system (as we did with most things) with an emphasis on physics and chemistry, followed by biology then geology. It was not until 1945 that the general science movement including practical work, reached Australia. One by one, the Australian States and Territories introduced general science courses, but there was great variation in both the content and emphasis between the science courses.
In 1955, the first issue of the Australian Science Teachers Journal (A.S.T.J.) was published, and included a report which highlighted a principal requirement of chemistry classes to be individual practical work: 'descriptions of reactions and demonstrations must be avoided; the pupils must have the excitement of carrying out the experiments themselves. In passing they will learn a few techniques and maybe unlearn some bad ones' (Simes, 1955, p9) . The early issues of A.S.T.J. indicate there was growing concern that science was being taught as a set of facts, isolated from the laboratory. This view was shared in the UK and USA, and resulted in the development of inquiry-based discovery learning projects (e.g. Biological Sciences
Curriculum Study [BSCS] ; Physical Science Study Curriculum [PSSC] ; Nuffield Science). By adopting these discovery learning projects, Australia intended to increase student participation in experimental work. The proposition was 'students acquire a better understanding of science through their active involvement in experimental investigations ' (Wilkinson & Ward, 1997, p49) . Unfortunately Australian classrooms were not designed for practical classes, and we didn't have ready access to the necessary equipment.
In 1970, research started to guide science education in Australia, and it was decided we needed to move to a process approach of practical work. According to Fensham (1990) , it was thought that there should be an emphasis on the methods of science, so the teaching of process was necessary. This was a turning point in Australian science education. Instead of continuing to use international programs developed for the UK or USA classrooms, with UK or USA examples, Australia developed a national science curriculum project of its own -the Australian Science Education Project (ASEP). Piagetian principles provided a strong basis for the ASEP philosophy, and gave support for an activitybased science curriculum with a strong emphasis on practical work. Students were required to identify problems, observe, measure, classify, order, infer, predict and form hypotheses, search for meaningful patterns, design and perform experiments, interpret and analyse data, and to verify the validity of conclusions reached. In other words, the inductive processes of scientific inquiry were emphasised. Although ASEP writing concluded in 1974, it produced an abundance of teaching materials written for both the teacher and student which are still in use in some Australian schools today. Some schools still use the original booklets, whilst others use reprints.
Disappointment with science curriculum projects of the 1960s and 1970s led to science being viewed as a human social construct, and the debate began around the notion of a national curriculum in Australia. The reliance on inductivism presented a distorted view of science methodology as it lacked a prior conceptual framework. The importance of a student's prior knowledge, as well as their skill development, needed to become the focus of future curriculum documents. This was brought about by Fensham (1981) where he linked 'head science' and 'hand science' in a bid to achieve scientific literacy. Fensham proposed an instruction sequence (see Figure 1) for skill development.
The change in the philosophy of science education is evident in the document A statement on science for Australian schools (Curriculum Corporation, 1994) which recognised the importance of prior knowledge and existing beliefs in a learner's conceptual development. This statement provided a framework for the future development of Australian science curricula. Laboratory
State of the literature
• Practical work has been in Australian science curriculum documents for many decades. However it has a history of being poorly implemented.
• There is a discrepancy between what the curriculum documents advocate, and what is actually implemented in the classroom.
• To improve student engagement as well as teacher knowledge and pedagogical skills, Australia as invested large amounts of funding on science initiatives, the latest of which is the development and recent implementation of a national curriculum.
Contribution of this paper to the literature
• This study describes the variety of practical work, the teacher perceptions of the purpose of practical work, as well as teacher readiness for teaching the Australian Curriculum: Science which has a key emphasis on inquiry.
• Different forms of practical work are evident across Australia. In primary schools, teachers are interested in developing hands on skills and social interactions. In the secondary school the emphasis is on content knowledge and fact verification. Preservice teachers emphasise interest and the enjoyment factor, and fact verification through student discovery. In-service teachers emphasise a purpose of understanding the theoretical parts of science.
• Following the release of A statement on science for Australian schools, each state and territory in Australia was required to develop a curriculum which would present students with a broad range of science concepts organised in contexts that were of interest and relevant to the daily lives of the students. Whilst each Australian state and territory was permitted to develop their own response to the national curriculum statement, there is what Goodrum, Hackling and Rennie (2001) called a 'common heritage' in that the rationales all emphasised the importance and relevance of science for all students as part of their everyday life. The rationales 'adhere closely to the idea of scientific literacy and ... it seems fair to say that the rationale for teaching science includes a commitment to scientific literacy ' (Goodrum et al., 2001, p31 Goodrum and colleagues (2001) in relation to the Australian science curriculum documents in use at the time were that they provided 'an appropriate modern and progressive vision of the intended science curriculum' (p152). However, Goodrum et al. continued to claim that although the curriculum documents were consistent with the scientific literacy goal, there was a sizable gap between the intended science curriculum of the documents, and the actual implemented curriculum in the classroom. This was especially apparent in the secondary science curriculum (for students aged 13 to 18 years) which was 'traditional, disciplined based and dominated by content ' (ibid, p152 DEST, 2006; Dow, 2003 a,b,c; ETC, 2006; Goodrum & Rennie, 2007; MCEETYA, 2006; Tytler, 2007) and numerous programs developed nationwide. Many of the actions developed in the programs are consistent with recommendations made in these reports. As a result, a range of initiatives in all Australian States and Territories exist, all attempting to enhance the quality of science education in Australian Schools. In the following section, three of these initiatives are reviewed. These examples relate to practical work in the classroom and are specifically relevant to two of the nine themes proposed by Goodrum et al. (2001, pVii) the world and as a human endeavour, and to develop students' scientific literacy (MCEETYA, 2006) .
Initiatives featuring practical work in Australian classrooms Primary Connections (PC)
'Primary Connections: Linking science with literacy' (PC) began in 2004 as an innovative approach to teaching and learning which aims to enhance primary school teachers' confidence and competence for teaching science in a practical way. It is widely used across all States and Territories. PC employs Bybee's 5Es teaching and learning model and is based on the theory that students learn best when they are allowed to work out explanations for themselves over time through a variety of learning experiences structured by the teacher. The aim of the PC project is to:
…improve the quality and quantity of science teaching and learning in Australian primary schools through enhancing teachers' confidence and competence. This is achieved by developing teachers' pedagogical content knowledge in science and literacy through an innovative programme of professional learning supported with rich curriculum resources (Peers, 2006, p2) . Significant innovations in the PC approach are that it is inquiry oriented and hands-on, so students have an authentic experience of science; science and literacy teaching and learning are integrated and there is explicit teaching of the literacies of science; and assessment is used to both support and evaluate learning. i
Science by Doing
Science by Doing is the most recent Australian national initiative that aims to actively engage junior secondary school students in learning science through an inquirybased approach. The project is managed by the Australian Academy of Science in partnership with the Commonwealth Scientific Industrial Research Organisation (CSIRO), the Australian Science Teachers Association and the education systems of the states and territories. Science by Doing aspires to improve learning by supporting school-based learning communities that acknowledge and build upon teacher expertise. Science by Doing will provide opportunities by which students can find answers to questions about science phenomena. To accomplish this goal, the Science by Doing project aims to develop three important components:
• Professional learning resources -that use digital technology in innovative and effective ways • Curriculum resources -that are inquiry-based and also use digital technology in innovative ways • Professional learning approach -that includes establishing professional learning communities with an emphasis on leadership
In the present stage of Science by Doing ii the following six professional learning modules are currently being developed:
• ' (p6) . Common to these three initiatives, and the many others being experienced by Australian students, is the notion that Australian students need to experience a science education which will empower them to live in societies which are constantly changing due to scientific and technological advances. We need our students to participate in scientific inquiry, be able to appreciate the role science has in society, and we need to educate our future scientists. It is now widely recognised that only the minority of students will seek a scientific career, so educating for the sake of scientific knowledge is a thing of the past. Whilst we want our students to gain scientific content knowledge, we now acknowledge that a shared emphasis is required on the practical nature of science, the socio-cultural aspect of science as well as science content knowledge. This three pronged emphasis to science education is the basis of the structure of the national science curriculum currently being developed in Australia.
The Australian Curriculum: Science
In November 2007, Kevin Rudd was elected Prime Minister of Australia. A central election promise of the Rudd campaign was an 'education revolution'. Shortly after coming to office, Rudd announced the development of a national curriculum for Australian schools would begin by 2009. After several decades of debate this was welcome news. As far back as the 1970s, Australian governments and the education community were debating the concept of a uniform curriculum for Australian schools in all States and Territories. Although previous discussions and attempts at developing a national curriculum had failed, in favour of the current plan is the level of collaboration among states, territories and the Australian government. Currently, Australia has 34 separate organisations contributing to the development of curricula and this has created significant disparities in educational attainment between the six states and two territories. Student achievement in science (as well as maths, literacy and numeracy) benchmarks varies widely between each state and territory. For example: New South Wales is the only state to better the average of Year 8 students (approximately 13 years of age; the second year of high school) reaching the advanced international benchmark in maths and science (Australian Labor Party, 2008) .
The Australian Curriculum Assessment and Reporting Authority (ACARA) is responsible for developing the Australian curriculum and is guided by the 2008 Melbourne Declaration on Educational Goals for Young Australians. The Melbourne Declaration commits 'to supporting all young Australians to become successful learners, confident and creative individuals, and active and informed citizens', and to promoting equity and excellence in education. The Australian curriculum will 'equip all young Australians with the essential skills, knowledge and capabilities to thrive and compete in a globalised world and information rich workplaces of the current century.' The national curriculum will be accessible to all young Australians, regardless of their social or economic background or the school they attend (ACARA, 2009 (NCB, 2009, p5) .
Structure of the Australian Curriculum: Science
The Australian Curriculum: Science is organised around three interrelated strands: science understanding (facts, laws, principles and models etc); science as a human endeavour (moral, ethical, social implications, career paths etc); and science inquiry skills (SIS) of equal importance. The SIS involves posing questions, planning, conducting and critiquing investigations, collecting analysing and interpreting evidence and communicating findings. This strand is concerned with evaluating claims, investigating and making valid conclusions (NCB, 2009, p6) . The three strands are drawn together by Unifying ideas and presented in year groupings. Unifying ideas are developmental in nature with subsequent unifying ideas building on those for the previous year grouping. This allows for students 'to accumulate knowledge over time for deeper understanding' (NCB, 2009, p6) . Table 1 presents the curriculum focus and SIS for the year groupings of the Australian Curriculum: Science for 5 to 15 year olds -the compulsory years of schooling.
The first draft of the curriculum K-10 was released for public opinion in March 2010. iv The documents indicate the intent of the curriculum is to have the three strands all with equal emphasis therefore a pedagogical emphasis aligning with inquiry. This is expected to be a challenge for the majority of primary school teachers, as well as for some secondary teachers who teach science but are not trained to do so (Harris, Jensz & Baldwin, 2005) . There is also a specified number of minutes per week allocated to science in each year level, which will also challenge many primary school teachers who currently teach very little science.
Australia is therefore at a crossroads. We have always been influenced by international curricula, but for the past 40 years we have been producing our own taking cognisance of both local and international research. Australia is on the verge of teaching its first truly national curriculum in English, Mathematics, Science and History, with other disciplines to follow. The curriculum writers have explored curriculum and research from around the world and used this to guide the development of Australia's own unique national curriculum. The equal emphasis of the three strands in the Australian Curriculum: Science is a new approach and it will be interesting to follow the implementation of the curriculum, from both the teacher and the student 
The research focus
Two questions have become apparent as a result of the historical overview of practical work in Australian schools. Firstly, 'What practical work do Australian teachers use and why?' and 'What does the impending national curriculum, with its emphasis on practical inquiry mean to the teachers now -are they ready?' In order to answer these questions, a small study was conducted in mid 2009. The study was based on research by Wilkinson and Ward (1997) who compared student and teacher perceptions of the purpose of practical work in schools. Wilkinson and Ward had teachers and their classes complete a survey by rank ordering 10 items relating to aims of practical work. The present paper focuses on the pre-service-teacher and inservice teacher perspectives relating to the purpose of practical work in the curriculum. However, as several authors have pointed out, 'practical work' is such a broad term that encompasses hands-on activities of a wide variety and with widely differing aims and objectives (Lunetta & Tamir, 1979; Millar, Le Maréchal & Tiberghien, 1999) . It is difficult then, to probe the inclusion and purpose of practical work (in general) in the science curriculum. Rather, we need to consider the inclusion and purpose of specific types or examples of practical work, or specific practical tasks. This paper therefore attempts to document the variety and purpose of 'practical tasks' currently in use in a sample of Australian primary and secondary schools, and it attempts to explore teacher readiness for a curriculum with a key emphasis on inquiry.
METHODOLOGY
The study sample was largely opportunistic. The author had access to 98 pre-service teachers enrolled at • Formulate scientific questions or hypotheses for testing • Design and conduct science investigations involving measurement and repeated trials • Gather and organise data from a variety of sources • Analyse and test models and theories based on the evidence available • Explain and summarise patterns in data using science concepts a large university in a capital city in Australia. 70 were destined to be generalist primary school teachers. The remaining 28 were destined to be specialist secondary school teachers of Biology, Chemistry, and Physics. All pre-service teachers had attended a school for a four week period undertaking field experience. Upon their return to university, the pre-service teachers were asked to participate in a tutorial discussion group relating to practical science lessons they had observed or participated in whilst in their school. Five tutorial discussion groups each were conducted (3 groups of approximately 23 generalist primary pre-service teachers and 2 smaller groups of the specialist secondary preservice teachers). Each discussion lasted between 60 and 75 minutes, and was audio recorded for later transcription. A pre-service teacher in each discussion group was asked to act as a scribe on the whiteboard in an attempt to capture, ideas and lists that emerged during the discussion. Each discussion topic was guided by a set of questions adapted from the Wilkinson and Ward (1997) study (see Appendix for the three discussion topics).
The author also sought responses to the Appendix questions from practicing primary and secondary science teachers. A total of 39 experienced in-service teachers participated. The author personally visited 4 primary schools and 4 secondary schools in a large capital city in Australia. Discussion groups of 3 teachers per school were conducted during a school lunch break and audio recorded for later transcription. The time for each discussion ranged from 20 to 35 minutes. The author acted as scribe in an attempt to record any ideas and lists from the discussions. In order to reduce the biases established from all participants in discussion groups considering schools located in the same capital city, the author also sought feedback, via telephone, from teachers in randomly selected primary and secondary schools in each capital city in Australia. An additional 15 teachers (7 primary and 8 secondary) participated and were initially contacted by telephone at their school, from details obtained from the internet. The author recorded (for later transcription) her end of the telephone discussion, with the participant's permission, and repeated key ideas back to the teacher for confirmation. The time for each discussion ranged from 8 minutes to 24 minutes.
RESULTS AND DISCUSSION
The participants identified seven different forms of practical work that were currently used in Australian schools. Some forms were more widely used than others. The participants either used these forms of practical work, or knew a teacher in their school who did. In the remainder of this section, each form of practical work is briefly defined, according to the teachers, and is accompanied by the teachers' perceived purpose of the form of practical work. Although a teacher may not currently use a particular form of practical work, it was found that all teachers had a view on what the purpose of each form of practical work involved.
Demonstration -The teacher or other individual does the experiment. The students observe and use the results in a discussion. Students can be asked to predict and reflect upon results. In Table 2 , it is apparent that the teachers used four of Wilkinson and Ward's (1997) ten statements in defining the purpose of a demonstration. There appears to be a number of trends in the responses:
The pre-service teacher (both primary and secondary) Undirected Activity -The teacher allows the student free time to explore a topic of interest. The student may choose to fiddle with equipment, use trial and error and use simple problem solving. This behaviour is often a familiarisation with the equipment. The teacher is unable to progress a lesson until the student has familiarised themselves. For example, Tom, a preservice physics teacher realised on his school placement that:
Students needed to 'play' with crash carts and dummies prior to starting my lesson on forces and inertia. My supervising teacher said if I didn't let them have some fun and play, they would do it anyway, and I would have to repeat the intro to my lesson (Tom, preservice physics teacher).
An inspection of Table 5 indicates only three purposes for the undirected activity. Irrespective of the purpose, it appears the experienced teacher sees its relevance more than that of a pre-service teacher. This may be that the lack of experience in conducting practical work with a class of students has not highlighted the importance of this type of activity. Primary teachers see the purpose of the undirected activity to promote scientific thinking more than a secondary teacher does.
Skill Development -The teacher provides opportunities for the student to repeatedly access basic scientific equipment. The student uses the equipment as a standalone task, devoid of context, thus developing manipulative skills. Common examples would be lighting a Bunsen burner, and glassware usage. Process and inquiry skills, for example collecting and recording and interpreting data are skills best developed in connection with content. From Table 6 , the purposes To prepare student for examinations 0 0 21 15 Guided Inquiry -The teacher directs the inquiry by posing the question, but the student is responsible for planning, conducting and interpreting the inquiry. The creativity of the student directs the approach to solving the pre-determined problem. Differing trends from Table 7 are as follows: To give practice in following a set of instructions 0 20 0 10
To prepare student for examinations 0 0 11 25 Table 8 , the pre-service teachers related more to each purpose than did the experienced teacher. This may be as a result of pre-service teachers being more familiar with open inquiry through their more recent university training. The only purpose a significant number of experienced primary teachers related to was that of giving training in solving problems & conducting investigations (60%).
Most secondary teachers see the purpose of the open inquiry to involve the discovery and verification of facts, scientific thinking, problem solving and conducting investigations, followed closely by the interest and enjoyment factor.
To conclude the discussion groups and telephone conversations, the teachers were asked if they felt ready to teach using inquiry-based pedagogies. One primary teacher, Maddy (Year 6 teacher, 7 years experience) indicated she was not:
Most 
years experience).
Many of the pre-service teachers voiced their concerns regarding their readiness to teach using inquiry as they did not consider they had the content knowledge to begin an inquiry and guide the students. Almost all of the primary pre-service teachers thought it unfair they had to teach this way when they didn't have a science background, and were not interested in it:
It In the present study, 138 participants identified 7 different forms of practical work in Australian schools. The participants then used 10 statements from Wilkinson and Ward (1997) to assist in defining the purpose of each form of practical work. A summary of this is provided in Table 9 . It can be seen that that three purposes are present in all forms of hands-on practical work: the interest and enjoyment factor, making and interpreting observations, and scientific thinking. The purpose of exam preparation was the least common perception, and limited to secondary schools.
CONCLUSION
To conclude, this paper presents an historical overview of Australia's practical work in science classrooms. It was found that Australian education has always been guided by international curricula, but currently we are at a crossroads -we are about to embark on the teaching of our first Australian curriculum in science, mathematics, English and history. The unique aspect to the science curriculum is in the inquiry-based pedagogy the teachers will be required to adopt. Australian pre-service and in-service primary and secondary teachers were interviewed about the forms of practical work done in schools and about their readiness for inquiry-based pedagogies. In relation to the forms of practical work used in Australian schools, and the purpose of such work, it is convenient to inspect the trends from the primary school and secondary school divide, as well as the pre-service and in-service teacher divide. When using any form of practical work in an Australian primary school, it seems the most frequently considered purposes are to:
1 Forms of practical work (n=7) To make science more interesting and enjoyable through actual experience 7 To gain practice at making accurate observations and interpreting them 7 To promote thinking in a scientific way 7 To enable student to discover or verify facts and ideas for themselves 6 To develop skills in working cooperatively with others 6 To give training in solving problems and conducting investigations 6 To gain experience in using scientific equipment 6 To help students understand theoretical parts of science 5 To give practice in following a set of instructions 3 To prepare student for examinations (not in primary) 2 There are slight differences between the two educational settings. In primary school, the teachers are interested in developing not only the hands-on skills but also the social interactions of the students. Also, there is less an emphasis on knowledge and science content when compared to the secondary school.
In terms of the pre-service teacher and the in-service teacher perceptions, again there are slight differences. Pre-service teachers place greater emphasis on the interest and enjoyment factor than the experienced inservice teacher. The pre-service teacher also tends to place greater importance on practical work having the purpose of enabling the student to discover or verify facts and ideas for themselves than an experienced teacher would. It is interesting to note that experienced in-service teachers see much less purpose for guided inquiry than the pre-service teacher. The implications for this are great. Guided inquiry is less likely to be used in our schools, thus reducing the opportunity for preservice teachers to develop such skills while on field placement. Also this may impact on the implementation of the Australian Curriculum: Science by existing teachers not having the skills for this particular pedagogy. Clearly professional development will be needed. Science by Doing is developing an ICT based professional development module Inquiry-Based Teaching so the timing is apt. It remains to be seen if an ICT module is sufficient to give all teachers confidence in teaching by inquiry.
It would therefore be reasonable to conclude that the teachers (pre-service and in-service alike) in this small study, drawn from all capital cities in Australia, from both primary and secondary schools, feel the purposes of hands-on practical work in our schools to be multifaceted, and dependent upon not only the age of the student, but also on the type of practical work being undertaken. For some forms of practical work, the purposes are many giving the teacher choice in what they want the emphasis to be. For example, the laboratory experiment can be used to develop knowledge and skills in the secondary school, but in the primary school also for practice in following a set of instructions. Irrespective of the setting, the laboratory experiment is used to promote thinking in a scientific way. In general, most teachers are not ready to teach using inquiry based pedagogy and cite lack of content knowledge, behaviour management, and lack of physical resources and availability of classroom space as key issues which will hinder their implementation of the inquiry component of Australia's pending curriculum in science.
